Purpose: To evaluate the effect of toric intraocular lens (IOL) implantation on the refractive outcomes in children with cataract and preexisting corneal astigmatism. Methods: We included children between the age group of 8-14 years who were randomized into group I (toric) and group II (non-toric), in which toric and spherical IOLs were implanted, respectively, after phacoaspiration. Uncorrected distance visual acuity (UDVA) improved from 0.94 log MAR AE 0.51 (range 0.60-2.00) to 0.43 log MAR AE 0.33 (range 0.00-1.00) in the group I at the end of 1 year and in group II, it improved from 1.52 log MAR AE 1.12 to 0.75 log MAR AE 0.70 (range 0.00-2.00) at the end of 1 year. Corrected distant visual acuity (CDVA) improved in group I from 0.72 log MAR AE 0.17 (range 0.48-1.00) to 0.19 log MAR AE 0.26 (range 0.00-0.78) at the end of one year while in group II, it improved from 1.33 AE 1.08 (range 0.18-3.00) to 0.49 log MAR AE 0.80 (range 0.00-2.00) at the end of 1 year. Conclusions: Toric IOL implantation in children significantly reduces postoperative astigmatism and thereby improves visual outcome.
Introduction
With continuous refinement of intraocular lens (IOL) designs, it is now possible to correct the preoperative corneal astigmatism with cataract surgery. Corneal astigmatism of 0.75-1.50 dioptres (D) is present in 41% of cataract patients and more than 1.50 D in 18% of cataract patients (Hoffer 1980) . On the basis of data concerning astigmatism at various stages of life, it may be concluded that a typical child is born with against-the-rule astigmatism that decreases markedly during the preschool years and results in a small amount of with-the-rule astigmatism during the school years. This astigmatism changes little during the early adult years, begins to decrease gradually during the thirties, reduces to zero and eventually becomes against-therule (Anstice 1971; Baldwin & Mills 1981) . The anterior corneal surface shifts from with-the-rule to againstthe-rule astigmatism with ageing, whereas the posterior corneal surface remains as against-the-rule astigmatism in most cases. The variation in the anterior astigmatism is the most important factor contributing to this change (Ueno et al. 2014) . Astigmatic correction improves visual outcome such as reading performances and good uncorrected visual acuity (Wolffsohn et al. 2011; Kobashi et al. 2012) . A range of surgical options, such as limbal relaxing incisions (Troutman & Swinger 1980; Ben & Desatnik 2005) , excimer laser keratectomy and selective positioning of the phacoemulsification incision (Kaufmann et al. 2005) , can be considered for the correction of preoperative corneal astigmatism in patients with cataract but have the disadvantage of variable and unpredictable results. Shimizu et al. (1994) introduced toric IOL technology that has the capability to deal with preexisting corneal astigmatism in a better and more predictable way. Since then, in various studies, it has been shown that the use of toric IOL gives good quality of postoperative vision in adults (Mendicute et al. 2008; Gupta et al. 2012) . Till date, use of toric intraocular lens has been reported only in one case for the correction of corneal astigmatism in a 16-year-old child with Marfan's syndrome associated with ectopia lentis (Gimbel et al. 2012) . The use of posterior chamber toric phakic IOL implantation in children for the treatment of amblyopia due to anisometropia with astigmatism has shown good visual outcome (Althomali 2013) . However, there is no case series on the use of toric IOL implantation in children. This is the first case series describing the use of toric intraocular lenses in children for the correction of preexisting corneal astigmatism with visually significant developmental cataract.
Materials and Methods
This prospective randomized study was carried out after approval by the Institutional Ethics Committee. The study followed the Tenets of the Declaration of Helsinki. Informed consent was obtained from the parents or guardian of the child after explaining all the alternatives regarding astigmatic correction techniques. Children were randomized into two groups, viz. group I in which toric IOL was implanted and group II, which received spherical IOL. For randomization, a cohort of those who could afford toric IOL was made and then the patients were randomized based on random table method.
Inclusion criteria were as follows:
(1) Children with visually significant developmental cataract associated with corneal astigmatism of more than 1.50D.
(2) Children in the age group of 8 years to 14 years who were cooperative for preoperative corneal marking.
Children with irregular astigmatism, traumatic or subluxated cataract, associated ocular abnormalities such as microcornea or buphthalmos and any macular pathology were excluded from the study.
Each patient underwent a complete ophthalmologic examination including visual acuity (VA), slit-lamp examination, intraocular pressure (IOP) measurement by Goldmann's applanation tonometer and dilated fundus examination by indirect ophthalmoscopy. Axial length was measured using partial coherence interferometry (IOL Master, Carl Zeiss Meditec AG, Dublin, CA, USA). Corneal astigmatism was also determined using IOL master. Three readings were taken and average of the readings was calculated to avoid error in IOL power calculation. The spherical power of the IOL was then calculated using the SRK II formula, targeting emmetropia. Preoperative biometry, incision location and the surgeon's estimated surgically induced astigmatism were used to determine the appropriate AcrySof toric IOL model and axis of placement in the eye using an online calculator provided by the IOL manufacturer (Available from http://www.acrysoforiccalculator.com/; Fig. 1) .
Topical proparacaine 0.5% was instilled into the conjunctival sac for preoperative corneal marking. With the child sitting upright and with the head aligned, the child was asked to fixate straight ahead on a distant target. The corneal limbus was marked at the 0-degree and 180-degree positions using a corneal marker with an air bubble (AE-2791TBL Nuijts Toric Reference Marker).
All the surgical procedures were performed by a single surgeon (JR) under general anaesthesia with a closed chamber standard surgical technique. The axis of main incision and toric IOL placement was marked with a Villasenor-Navarro degree gauge and a toric axis marker (AE-2740 Nuijts toric axis marker; American Surgical Instruments Corp., Westmont, IL, USA). Two clear corneal side ports incisions were made 120-160 degree apart with 15-degree disposable blade. A main limbal incision was made using 2.2-mm disposable keratome. The anterior chamber was filled with high viscosity ophthalmic viscosurgical device (OVD; 1.4% Sodium hyaluronate, Healon GV, Abbott Medical Optics, Inc., Santa Ana, CA, USA) through side port. Anterior capsulorhexis (size 4.5-5 mm) was made by giving nick to the anterior capsule with needle cystitome and was completed with Uttrata capsulorhexis forceps. Bimanual irrigation/aspiration of cortical material was performed and the capsular bag was filled with sodium hyaluronate 1.4% (Healon-GV, Abbott Medical Optics). AcrySof IQ, SN6AT in group I and MA60AC in group II were implanted in the capsular bag using a Monarch-II injector with a D-cartridge and C-cartridge (Alcon Laboratories, Inc., Fort Worth, TX, USA), respectively. Hoya 251 (single piece) was used in three patients of group II. As a first step, the IOL was rotated into a position approximately 15-30°short of the actual marked axis of placement. The residual OVD was removed behind the IOL and the anterior chamber. Finally, the IOL was rotated to align the peripheral dots on the IOL with the marked steep meridian on the cornea. The anterior chamber was reformed and stromal hydration of the main and side port incisions was performed. Correct alignment of the IOL was verified at the end of surgery. All steps were similar in the group II except that no preoperative marking was done. Since all the enrolled children in this study were above 8 years of age, so primary posterior capsulorhexis was not performed, and the main port and side port incisions were closed with stromal hydration though the option of suture application were also kept if required. Seven eyes required suture application.
We used topical 0.1% betamethasone drops six times and moxifloxacin 0.5% drops four times a day, which were tapered over a period of 6-8 weeks. Measurements of uncorrected and corrected visual acuity, IOP and comprehensive slit-lamp examination were performed at 1 week, 1 month, 3 months and 12 months postoperatively. At 3 and 12 months of followup, digital photographs were obtained to estimate the postoperative rotation of the IOL. Primary outcome measure was the difference in keratometric cylinder and postoperative refractive cylinder at 1 year. The secondary measures were comparison of pre-and postoperative visual outcome and the possible rotation of the IOL 12 months after the surgery.
Sample size calculation and data analysis
Sample size was estimated based on assumption that the incidence of astigmatism is 2.8% (Dandona et al. 2002) . To estimate this proportion with a 95% confidence interval of proportion and margin of error as 10%, the sample size required was 10 subjects using the formula n 0 = (z)**2*(p)(q)/(d)**2, where n 0 is the sample size, z is the value for the selected alpha level, for example 1.96 for (0.05), that is at 95 per cent confidence level. p is the estimated proportion of an attribute that is present in the population. q is 1-p. d is the acceptable margin of error for proportion being estimated (we have taken 10%); for possible dropouts, it was decided to include 11 patients per group.
The data were analysed with MI-CROSOFT EXCEL 2007 (Microsoft Corporation, Redmond, WA, USA) and SPSS software (version 20.0; SPSS Inc., Chicago, IL, USA). The t-test was used to compare presurgery keratometric cylinder with postsurgery refractive cylinder at 1 year between the two groups. Data were considered statistically significant when the p value was <0.05.
Results
This study enrolled 21 eyes of 17 consecutive patients. After randomization, 11 eyes were enrolled in group I while 10 eyes in group II. In the toric group, four patients had bilateral and three had unilateral. In the non-toric group, all 10 were unilateral.
Both the groups were matched in all respects. The mean age of the patients was 10.25 AE (Table 1) . Minimum follow-up period was 12 months.
Visual acuity
Preoperatively, the uncorrected distance visual acuity (UDVA) was 0.94 log MAR AE 0.51 (range 0.60-2.00) in group I and 1.52 log MAR AE 1.12 There was a statistically significant difference in postoperative refractive cylinder at 12 months on comparing both the groups (p = 0.000). Four eyes of 11 (36.36%) in group I achieved UDVA of 20/30 or better (0.18 logMAR units or better), whereas in group II it was achieved in 1 of 10 (10%) only.
Residual refractive cylinder
In this study, we implanted T3 model in one eye, T4 in three eyes, T6 model in five eyes, T8 model in one eye and T9 in one eye of the children who underwent cataract surgery. In one eye, in which we implanted T3 model no residual cylindrical error was noticed postoperatively while in the T4 group, mean preoperative keratometric cylindrical error was 2.2 AE 0.15 D and after surgery mean residual refractive error reduced to 0.67 AE 0.58 D at the end of one year. In the five eyes in which we implanted T6 model, mean keratometric cylindrical error was 2.99 AE 0.51 D and mean postoperative refractive cylinder at one year was 0.60 AE 0.22D, while in the eye in which we implanted T8 model, patient had high preoperative keratometric cylinder of 4.21 D, but had no residual refractive cylinder postoperatively. In one eye with T9 model, the initial keratometric cylinder was 5.12, which was reduced to 0.50 D postoperatively. The pertinent raw data are tabulated in Table 3 . 
Complications
There were no intraoperative complications. We did not observe any significant rotation (>5°) in any case (Fig. 2) and no significant visual axis opacification during 1-year follow-up.
Discussion
An integral part of management of paediatric cataract includes prevention of amblyopia (Gwiazda et al. 1984; Ram et al. 2011 ). Age-related changes are consistent with the following hypothesis: (1) Against-the-rule astigmatism that occurs at birth may be due to 'sagging' of the cornea of the still developing globe. (2) The with-the-rule astigmatism that develops during the preschool years occurs as a result of the stiff upper tarsal plate which constantly exerts pressure on the horizontal meridian of the cornea, especially in eyes that have low ocular rigidity (as seen in children). (3) In the long term, as the upper tarsal plate begins to lose its rigidity in middle ages and beyond, the horizontal meridian is allowed to become steeper as a result of which the cornea assumes a spherical shape, resulting in a small amount of against-the-rule astigmatism.
Cross-sectional studies indicate that mean total astigmatism changes with age, varying from as much as 0.62 D with-the-rule during youth to as much as 0.37 D against-the-rule in samples of elderly patients (Anstice 1971; Baldwin & Mills 1981) . Gwiazda et al. (1984) have reported that most of the change in corneal astigmatism occurs from birth up to the age of 2 years, after this astigmatism decreases by ages of 4-6 years and then stabilizes. Thus, we have included the patients between 8 and 15 years so that age may not be the confounding factor. Implantation of routine intraocular lens improves the UDVA but uncorrected astigmatism increases spectacle dependence postoperatively. Corneal relaxing incisions are not a viable option in the children because of unpredictability of wound healing in children (Troutman & Swinger 1980; Ben & Desatnik 2005) . However, use of toric intraocular lens can play an important role in correction of corneal astigmatism in the children undergoing cataract surgery.
There is no study comparing the use of toric IOL in children. However, there is an anecdotal case report of bilateral toric IOL implantation in a child aged 16 years with Marfan's syndrome, which showed significant reduction in refractive astigmatism (Gimbel et al. 2012) .
In many studies in adults, corneal astigmatism during cataract surgery has been corrected with the use of AcrySof toric IOLs in adults (Holland et al. 2010; Ahmed et al. 2010; Bauer et al. 2008) . Holland et al. (2010) conducted a randomized controlled study of 256 eyes in adults with a toric IOL. In their study, UDVA was 20/40 or better in 92% of eyes and 20/30 or better in 79% of eyes, approximately 90% of eyes had a residual refractive cylinder of 1.00 D or less. Ahmed et al. (2010) performed a large prospective cohort study and the binocular UDVA was 20/40 or better in 99% of adult patients and 20/20 or better in 63% of patients, six months postoperatively. The mean residual refractive cylinder was 0.4 AE 0.4 D, and 85% per cent of patients achieved a residual refractive cylinder of 1.00 D or less. Even various smaller cohort studies reported similar results, with a UDVA of 20/40 or better in 91-95% of cases and postoperative residual refractive cylinders ranging from 0.5 to 0.7 D (Bauer et al. 2008; Mendicute et al. 2008) .
In our study, the mean postoperative UDVA (log MAR) was 0.43 log MAR AE 0.33 (range 0.00-1.00) which improved to CDVA of 0.19 log MAR AE 0.26 (range 0.00-0.78) at 12 months in the toric group, and in spherical IOL group mean UDVA at 12 months improved from 0.75 log MAR AE 0.70 (range 0.00-2.00) to a CDVA of 0.49 log MAR AE 0.80 (range 0.00-2.00).
There was a statistically significant difference in postoperative refractive cylinder at 12 months on comparing both the groups (p = 0.000). In the toric group, all eyes except two had a residual refractive cylinder of <1.00 D with a mean of 0.50 AE 0.39 D while in the spherical IOL group the mean refractive cylinder was 2.05 AE 0.39 D. The mean reduction in refractive cylinder of the toric group is comparable to findings in previous studies in adults and indicates that the cylinder correction was effective (Ahmed et al. 2010; Holland et al. 2010) . Results from recent studies have shown that the mean astigmatism of À2.00 D preoperatively decreased to À0.80 D postoperatively in adults (Koshy et al. 2010; Dardzhikova et al. 2009 ).
In our study, there was statistically significant difference between preoperative UDVA and CDVA as compared to postoperative UDVA (p = 0.002 for toric IOL and 0.038 for spherical IOL) and CDVA (p = 0.000 for toric IOL and 0.014 for spherical IOL) at one year. This is in contrast to other studies wherein visual acuity was compromised either due to anisometropic amblyopia or astigmatism-related (meridional) amblyopia due to high refractive error (Dobson et al. 2008; Harvey 2009 ). In our study also, four eyes (two in each group) were found amblyopic postoperatively and one patient was lost to follow-up after 1 month.
In our study, UDVA of 20/30 or better was achieved in 36.36% of patients in group I while in group II it could be achieved in only 10% of the patients. Thus, patients with toric IOL implantation were comparatively less spectacle dependent as compared to the children with monofocal IOL. The major requirements for an optimal outcome of a toric IOL are rotational stability and centration. Most IOL rotations occur in the early postoperative period that can be easily corrected with repositioning of the toric IOL in the desired axis. Once the anterior and posterior capsules fuse, rotation of the IOL is less frequent (Linnola et al. 2003; Lombardo et al. 2009 ). During our minimum follow-up of 12 months, refraction remained stable and showed stability of IOL without any significant rotation. Fig. 2 . Postoperative photograph of the same child as in Fig. 1 showing in-the-bag toric intraocular lens fixed at 86°without any rotation at 1-year follow-up.
Limitation of our study is that we could not incorporate vector analysis as this was a pilot trial in children, mainly aimed at estimating the visual and refractive outcomes of children with toric IOLs as compared to spherical IOLs and it was not supported financially.
The results of our study corroborate with previous studies carried out in adults who demonstrated that proper selection and preoperative examination of patients followed by uncomplicated IOL implantation of one-piece hydrophobic acrylic toric IOLs resulted in acceptable stability and visual outcome.
In conclusion, implantation of a foldable toric single-piece posterior chamber IOL is an effective option for the correction of corneal astigmatism in the children of 8 years and above, undergoing surgery for visually significant cataract. The main limitation of our study was small sample size. Another important limitation was not taking into account the posterior corneal astigmatism which could have contributed to the residual astigmatism as we know automated keratometry method is biased towards overcorrection of with the rule astigmatism and under correction of against the rule astigmatism (Lijun et al. 2015) . Further studies with large sample size and long-term follow-up of toric IOL implantation, with a consideration of posterior corneal astigmatism and vector analysis in children should be undertaken in future.
